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Abstract  Silver nanoparticles (Ag-NPs) were 
bio-synthesized using Camellia sinensis (green tea) aqueous 
extract. Nanoparticles prepared with 10-3 M AgNO3 solution, 
using 3mL of green tea extract and at 60˚C, have spherical 
shape with a mean diameter of 7nm. The formation of the 
nanoparticles was confirmed by UV-Vis spectrophotometry 
through studies of the surface plasmon resonance (SPR). 
The morphology, size and crystalline structure of the 
Ag-NPs were determined using high definition transmission 
electron microscopy (TEM). Moreover, these green 
synthesized Ag-NPs were found to exhibit good sensing 
properties towards  Cu2+ and Pb2+ ions in aqueous solutions. 
This metal ions-sensing ability of the biogenic Ag-NPs was 
monitored by UV-Vis spectrophotometry (SPR analyses) 
and fluorescence spectroscopy. 
Keywords  Biogenic-silver Nanoparticles, Camellia 
Sinensis, Nanoparticles Ion-sensing, Surface Plasmon 
Resonance Fluorescence 
1. Introduction
Nowadays, nanotechnology has immense potential 
applications and is one of the most active areas of study 
[1-3]. Nanoparticles have drawn huge attention because of 
their great valuable properties on optical, electronic, medical, 
catalytic and sensor applications [4-7]. Noble-metal 
nanoparticles and their synthesis is an active area of 
academic research because of their forthcoming applications. 
There are, mainly, two ways of synthesis: chemical methods 
[8] and physical techniques [9]. Nevertheless, two of these 
methods have many problems such as the use of toxic 
solvents, generation of hazardous products and/or are not 
suitable to scale-up, among others. It is necessary to avoid 
adverse effects during synthesis and applications of 
nanoparticles; therefore, the growing need to apply an 
eco-friendly and sustainable method for the synthesis of 
nanomaterials [10-12] using the biological approach, [6,13] 
is growing as alternative to reach these goals. To overcome 
these ill effects in chemical methods, plant extracts have 
been used for the synthesis of metal nanoparticles, due to the 
dual nature of the biomass as a reducing as well as a 
stabilizing agent [12, 14-17]. Camellia sinensis extract is 
rich in polyphenolic compounds. These are epicatechin 
groups and other flavonols [18-20]. In the past few years, 
silver nanoparticles have attracted interest, due to their 
potential applications such as: biomedicine [21], as a 
disinfectant [22] and sensors (biosensors and naked-eyed) 
[23,24]. 
The detection and quantification of heavy metal ions is an 
important subject in recent days, the usual techniques 
adopted for the detection of these metals involve 
spectrophotometric methods, which employs 
chromoionophores and ICP analysis. The majority of 
chromoionopheres available for the detection are soluble in 
organic solvents, which limit the day-to-day applications and 
pollute even more the environment [25-28]. It is desirable to 
find procedures for selective naked-eye detection of metal 
ions in aqueous media that do not require a specific 
instrumentation, especially for field-test [23]. Optical reports 
methodologies listed in the literature for the detection of 
metal ions are base the surface plasmon resonance of silver 
nanoparticles, due to dependence of the plasmon shift with 
the chemical environment surrounding the Ag nanoparticles 
[29-31]. Moreover, surface plasmon resonance applied to 
colorimetric sensors does not require a uniform size and 
shape of the nanoparticles [28]. 
In this work, biogenic silver nanoparticles (Ag-NPs) were 
synthesized assisted by Camellia sinensis aqueous extract as 
a reducing and capping agent. The resulting colloidal array is 
evaluated in the selective colorimetric, plasmonic and 
fluorescent detection of Cu2+and Pb2+ ions in aqueous 
solutions. 
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2. Materials and Methods 
2.1. Materials 
Camellia sinensis tea was obtained from a local store. 
Silver nitrate (AgNO3), Rhodamine 6G (Rh6G), ammonia 
solution, copper chloride (CuCl2), lead chloride (PbCl2), 
were acquired as analytical grade reagents from 
Sigma-Aldrich and used without any further purification. 
2.2 Preparation of Camellia Sinensis Extract 
The content of one bag of commercial green tea (Lagg´s) 
(1.338g) was boiled for 10min in 100mL of deionized water; 
upon cooling the infusion was vacuum-filtered. The resulting 
aqueous extract was stored during a day and used for further 
experiments as a bioreducing agent. 
2.3. Biosynthesis of Ag-NPs 
The biological synthesis of silver nanoparticles was 
carried out by using 5mL of a 10-3M silver nitrate solution, 
adding 2.5mL of an ammonia solution, heating to 60°C 
during 24h and then pouring 2, 3 or 4mL of Camellia 
sinensis aqueous extract, respectively. This synthesis is an 
adaptation of the method reported for us previously [18]. 
2.4. Characterization of Ag-NPs 
UV-Vis spectroscopy was performed using a Lambda 650 
Perkin-Elmer spectrophotometer. For transmission electron 
microscopy (TEM) analyses, the samples were prepared by 
placing drops of the mixture reaction over carbon-coated 
grids and allowing evaporation. TEM observations were 
performed on a JEOL 2100 microscope operated at 
accelerating voltage of 200kV with a LaB6 filament. For 
calculating the amount and shape of nanoparticles in one 
sample, approximately 400 nanoparticles per sample were 
taken into account. 
2.5. Sensing Studies 
Sensing studies were performed only with the silver 
nanoparticles prepared from 3 mL of reducing agent at 60°C. 
1 mL of a 10-3 M solution of Cu2+ or Pb2+ was added to 1 mL 
of the silver nanoparticles solution at room temperature. To 
investigate the sensitivity effect of the biogenic silver 
nanoparticles toward detection of Pb2+ and Cu2+ metal ions, 
different concentrations of 10 - 3 ,  10- 4 and 10-5 M were 
added to the silver nanoparticles colloidal suspension. The 
sensing and selectivity of the metal ions by the silver 
nanoparticles solution were analyzed by UV-Vis using a 
Lambda 650 Perkin-Elmer spectrophotometer. The sensing 
effect was also analyzed with fluorescence spectroscopy; 
first, 1 mL of Rh6G (10-3 M) was gradually added to 1 mL of 
biogenic silver nanoparticles and stirred for 30min. Then, to 
this solution 1mL of 10-3 M of CuCl2 and PbCl2 aqueous 
solutions were added. The sensing experiment was 
monitored by a Horiba Jobin-Ivon, FluoroMax-P 
spectrofluorometer. 
3. Results and Discussion 
3.1 Synthesis and UV-Vis Analysis of Ag-NPs 
The synthesis of Ag-NPs was initiated once the Camellia 
sinensis extract was introduced into 5mL of AgNO3 aqueous 
solution at 60°C. Solution turned almost immediately from a 
pale yellow to a light brownish color, which corroborates the 
formation of silver nanoparticles. This color change happens 
because the biomolecules present in the Camellia sinensis 
extract reduce the Ag metal ions to generate nanoparticles 
[11,23,32]. The main biomolecules existing in Camellia 
sinensis that act as reducing and passivating agents are: 
protocatechuic, caffeic acid, vannillic acid, syringic acid, 
catechin, epicatechin and benzoic acid, in the following 
amounts: 22.67, 830.10, 61.17, 75.91, 18.30, 1087.02 and 
319.78mg per100g of extract, respectively [18]. It has been 
reported that the hydroxyl moieties, such as the ones found in 
epicatechin and caffeic acid, are responsible for the reduction 
of metal nanoparticles, since the OH groups are oxidized to 
the corresponding quinone [23]. As it is known, the amount 
of total phenolics in the extract corresponds to the total 
reducing agent amount; for green tea, it has been determined 
that the total amount is 59.8mg/g [18], which would be 
similar to the total reducing agent amount in our 
experiments. 
As a result, the excitation of the surface plasmon 
resonance (SPR) occurs when Ag-NPs are irradiated with 
visible light. In Figure 1a, peaks with maxima between 
394-400nm can be observed, their broadness indicate the 
polydispersity of the nanoparticles obtained [4,5,33]. These 
nanoparticles exhibit unique, as well as tunable optical 
properties that deepen on their surface plasmon resonance, 
which depends on shape, size, chemical environment and 
distribution of the nanoparticles [33]. 
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Figure 1.  (a) UV-Vis spectra of biogenic Ag-NPs prepared at 60°C with 2, 3 and 4mL of reducing agent. (b) Plot of the intensity of the Surface Plasmon 
Resonance at 396nm of the Ag-NPs against the reaction time, obtained with different volumes of Camellia sinensis extract 
 
Figure 2.  TEM images of biogenic Ag-NPs prepared at 60°C, with 2mL (a), 3mL (b) and 4mL (c) of reducing agent 
The different amount of Camellia sinensis extract 
employed for the formation of Ag-NPs is reflected in the 
intensity, shape and wavelength position of the SPR peaks 
(Figure 1a). As less amount of reducing agent is used the 
more intense is the peak; on the contrary, when the 
concentration of reducing agent is increased a peak with less 
intensity is obtained. Since the intensity of the SPR signal is 
directly proportional to the amount of nanoparticles this 
means that less Ag-NPs are obtained. This can be explained 
by the possibility of agglomeration of Ag-NPs occurring 
when larger amount of Camellia sinensis extract is added to 
the Ag ions solution. Previous results have shown that excess 
concentration of metal ion precursor solution and/or higher 
concentration of reducing agent could lead to large quantities 
of nanoparticles with the final result of agglomeration of 
these [17,20], showing in UV-Vis studies as less intense and 
wider SPR signals. In addition, the red- shifting of the 
corresponding SPR peaks for the 3 and 4mL reducing agent 
formed Ag- NPs, compared to the profile of the curve related 
with 2mL of reducing agent Ag-NPs SPR peak, tells us that 
the morphology of these nanoparticles may be different. 
Figure 1b shows the plots of the absorbance at λmax (396nm) 
for silver nanoparticles generated with different volumes of 
green tea extract. It can be seen that the SPR intensity at 
400min decreases significantly, meaning the formation of 
bigger silver crystals due to the coalescence of nanoparticles 
after long periods of time. The Ag nanoparticles system is 
not stable in time as can be displayed by the behavior of the 
plots in Figure 1b, then this can be attributable to close 
proximity of the nanoparticles and/or the poor efficiency of 
the biomolecules that act as capping agents, caused by 
intrinsic degradation process of biological molecules of the 
green tea extract. Nevertheless, this proximity of the 
nanoparticles, capped by biomolecules of the green tea, 
could create suitable moieties to attach to metal ions, 
modifying its chemical environment, therefore, sensing them 
with a good selectivity. 
3.2. Morphology, Size and Crystalline Structure Analysis 
by TEM 
The morphology, size distribution and crystal structure of 
the biosynthesized Ag-NPs were elucidated from the 
transmission electron microscopy (TEM) observations. 
Figure 2 shows the images of the Ag-NPs obtained. 
Biogenic Ag-NPs with uneven sizes and average 
diameters between 10-40nm were obtained. Ag-NPs 
obtained with 2mL of Camellia sinensis extract have broader 
dispersion of size and morphology, as shown in Figure 2a. 
However, the increase in the amount of extract (3mL) 
resulted in a superior homogeneity of these nanoparticles, 
having spherical shape (Figure 2b). Though, for those 
Ag- NPs formed with 4mL of reducing agent, the particles 
loss some of their uniformity and have more spheroidal 
shapes (Figure 2c). It seems that the amount of the reducing 
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agent has an effect on the Ag-NPs morphology. It is 
important to mention that the layer of biomolecules present 
around each of the nanoparticles (Figure 2b) is related to the 
nanoparticle stability. 
As can be seen in Figure 3, those nanoparticles obtained 
with 2mL of extract have a greater polydispersity with 
spherical, spheroidal and triangular shape with size range of 
3 to 47nm (Figure 3a). In the case of the Ag-NPs obtained 
with 3mL of extract the shape is mostly spherical within a 
diameter range of 3 to 50nm (Figure 3b). And finally, the 
Ag-NPs formed, using 4mL of extract, the shape tend to be 
spheroidal with a size range of 8 to 42nm (Figure 3c). The 
high resolution TEM images of the biogenic Ag-NPs, shown 
in Figure3, demonstrate that the grown of these 
nanoparticles occurs preferentially on the (111) plane. In 
addition, the selected area diffraction (SAED) analysis yields 
the crystalline nature of the prepared nanoparticles and could 
be indexed to a FCC structure in all three cases (2, 3 and 4 
mL of reducing agent added). The diffraction rings also 




Figure 3.  TEM images, histograms, HRTEM micrographs and selected area diffraction patterns of biogenic Ag-NPs obtained at 60°C with 2mL (a), 3mL 
(b) and 4mL (c) of reducing agent (Camellia sinensis extract). Selected area diffraction patterns of: Rings 1, 2, 3 correspond to {111}, {200}, {222}, {311} 
reflections (a). Rings 1, 2, 3 correspond to {111}, {200}, {222}, {311} (b) and Rings 1, 2, 3 correspond to {200}, {220}, {222}, {400}, family planes (c), 
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3.3. Metal Ions Sensing Studies 
3.3.1. Detection of Metal Ions 
Based on the morphological properties of shape and size 
distribution, the biogenic Ag-NPs prepared at 60°C with 
3mL of reducing agent were chosen for the sensing studies. 
It is important to mention that a pH of 5.01 was 
determined in the Ag-NPs solution previously to the 
interaction with the metal ions. Other similar studies have 
employed Ag nanoparticles solution of pH values around 5. 
This pH value allows that carboxylic moieties of the 
passivation agent could be in ionized form, which is 
important to enhance the electrostatic character of the 
nanoparticles surface. This promotes the interaction with the 
metal ions to probe. 
Figure 4 exhibits UV-Vis absorption studies at different 
times of the Ag-NPs that were used as sensors; this sample 
presents surface plasmon resonance signals centered at 
400nm from 60 to 240min, and at 392nm for 1440min. At 
the beginning of the reaction, there is irregular and a greater 
amount of nanoparticles surrounded by biomass form de 
aqueous extract; because the reaction is carried out at 60°C 
the biomass is degraded and presents more active sites 
(-OH), and not enough capping agents (-COOH), so the 
coarsening process takes place between the neighboring 
Ag-NPs, that is why the spectrum has lower intensity and 
widening of the SPR, this can be explained by the fluctuating 
behavior of the SPR during the reaction [34]. 
Polyphenolic compounds such as gallic acid, catechol, 
epicatechin and their derivatives, the two latter present in the 
Camellia sinensis extract, are known to form coordination 
complexes with heavy metals ions. The Pb2+ and Cu2+ 
preferentially bind to the carboxylic group in phenolic 
compounds [18,27,28]. A decrease in the intensity of the 
plasmon absorption at 400nm with time was observed 
(Figure 5a) when the Ag-NPs solution and the metal ions 
solutions were put in contact. This may be due to the 
appearance of agglomerates of the Ag-NPs with the metal 
ions provoked by the formation of the above mentioned 
complexes. These nanoparticles are stable at pH 5.27; in this 
pH range the carboxylic moieties of the capping 
biomolecules are present in the ionized form, which increase 
the electronic interaction with the surface of the silver 
nanoparticle. The addition of Pb2+ and Cu2+ ions into the 
nanoparticles solution results also in a bathochromic shift in 
the plasmon absorption band as shown in Figure 5a, from 
400 to 426nm and 403 to 412nm for lead and copper ions, 
respectively [23,25,28,35]. 
 
Figure 4.  UV-Vis absorbance spectra of Ag-NPs at different times using 
3mL of Camellia sinensis extract at 60°C. 
These shifts in the plasmon absorption band and the 
visual color change (Figure 5a and 5b) can be likewise 
attributed to the formation of aggregates of Ag-NPs and the 
lead (II) and copper (II) ions [25-27,36]. It has been 
experimentally proven that the plasmon oscillation of metal 
nanoparticles couple to each other when they are in 
proximity. The new position of the resonance band is 
dependent on the number of nanoparticles together and their 
proximity [23,25,37]. These phenomena (shift of the 
plasmon resonance band induced by aggregation) have been 
successfully utilized for the colorimetric and plasmon 
detection of Pb2+ and Cu2+. 
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Figure 5.  UV-Vis absorbance spectra of silver nanoparticles (1), silver nanoparticles upon adding Pb2+
 
ions (2) and silver nanoparticles upon adding Cu2+
 
ions (3), absorbances at λmax are 400nm, 426nm and 412nm, respectively (a). Colorimetric response of silver nanoparticles and silver nanoparticles upon 
adding the metal ions (Pb2+
 
and Cu2+) (b). 
 
Figure 6.  TEM images of Ag-NPs (a). TEM images of Ag-NPs after interaction with Pb2+ ions (b). TEM images of Ag-NPs after interaction with Cu2+
 
ions (c) 
In order to confirm that the metal ions induce formation of 
Ag-NPs aggregates, TEM analyses were carried out. In the 
presence of Pb2+ and Cu2+ nanoparticles aggregates were 
observed, whereas, in the absence of the metal ions, the 
nanoparticles are surrounded by biomass as shown in Figure 
6a. The thickness of the capping biomolecules is of about 4 
to 12nm. 
The complexation of the phenolic hydroxyl groups, from 
the biomolecules that are present as capping agents 
surrounding the nanoparticles, with the metal ions, can 
effectively bring nanoparticles closer to each other until 
coalescence process start and finally form the aggregates 
show in Figures 6b and 6c. This proximity induces the 
coupling of their plasmon oscillation, resulting in a 
bathochromic shift in the absorption band [23,25,38]. 
3.3.2. Sensibility Studies 
To investigate the sensibility effect of the biogenic 
Ag-NPs toward Pb2+ and C u 2 + metal ions, lead and cupric 
ions solutions with concentrations of 10-3, 10-4 and 10-5 M 
were added to the Ag-NPs solution. These results are shown 
in Figure 7. The extent of the wavelength shift of the 
plasmon absorption depends on the concentration of the 
metal ions in the solution [23,27]. For example, the addition 
of 10-3 M of Pb2+ resulted in a bathochromic shift of the 
plasmon absorption of 14 nm, from 400 to 414nm; however, 
with less concentration of the metal ions the shift diminish, 
from 400 to 411nm and from 400 to 408nm with 
concentrations of 10-4 and 10-5 M, respectively. When a Cu2+ 
solution with a concentration of 10-3 M was utilized, the 
bathochromic shift of the plasmon absorption is of 12 nm, 
from 400 to 412nm. However, with less concentration of the 
metal ions the shift decreases, from 400 to 410nm and from 
400 to 410nm with concentrations of 10-4 and 10-5M, 
respectively. 
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Figure 7.  Absorption spectral changes of biogenic Ag-NPs upon addition of increasing concentrations (10-3
 




Figure 8.  UV-Vis absorbance spectra of Ag-NPs (1), Ag-NPs-Rh6G (2), Ag-NPs-Rh6G- Cu2+ (3), Ag-NPs-Rh6G-Pb2+ (4) (a). Photograph of 
Ag-NPs-Rh6G (2), Ag-NPs-Rh6G- Pb2+ (3), Ag-Nps-Rh6G-Cu2+ (4) aqueous solutions (b). 
3.3.3. Detection of Metal Ions Using Rh6G Dye 
In this study, the combination of Ag-NPs-Rh6G dye act as 
probe for the detection of Pb2+ and Cu2+ ions. This heavy 
metal detection mechanism can occur via two steps; the first 
step involves the fixation of Rh6G molecules on the surface 
of the nanoparticles. The second step is the replacement of 
the Rh6G by the metal ions, the released of the dye acts as 
a visual colorimetric sensor; this methodology makes the 
eye-naked detection of Pb2+ and Cu2+ ions easier. Figure 8a 
exhibits UV-Vis absorption studies in aqueous solutions of 
bare Ag-NPs, Ag-NPs-Rh6G dye, AgNPs-Rh6G-Cu2+ and 
AgNps-Rh6G-Pb2+ Bare silver nanoparticles exhibited a 
single absorption SPR band at 400nm (Figure 8a, (1)), 
whereas, when Ag-NPs are in combination with Rh6G dye 
and lead and copper (II) ions, the corresponding spectra 
show double absorption maxima that can be attributed to the 
silver nanoparticles and Rh6G, respectively (Figure 8a 
(2,3,4)). The color of the Ag-NPs-Rh6G solution changes 
from orange to yellow when a copper (II) chloride solution, 
that provides Cu2+ ions, is added (Figure 8b (1,3)). 
Meanwhile, the addition of lead chloride, which provides 
Pb2+ ions, results in a green color solution with a light-brown 
precipitate (Figure 8b (1,2)). 
3.3.4. Fluorescence Studies 
 
Figure 9.  Fluorescence spectra of Rh6G, Ag-NPs-Rh6G, 
Ag-NPs-Rh6G-Pb2+ and Ag-NPs-Rh6G-Cu2+ 
Sensing studies were further evaluated using fluorescence 
spectrophotometry and the Rh6G fluorophore. The 
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attachment of Rh6G over the surface of Ag-NPs quenched 
the fluorescent emission of this dye through the fluorescence 
resonance energy transfer, as can be seen in Figure 9. This 
quenching confirms the interaction of Rh6G over the surface 
of nanoparticles. After the addition of the metal ions, the 
fluorescent emission is slightly restored (Figure 9). 
The restoration of fluorescent emission ensures certain 
degree of detachment of the dye fluorophore from the 
nanoparticles surface provoked by the metal ions, and 
proves, thus, the sensing ability of these biogenic Ag-NPs 
produced by Camellia sinensis extract toward Pb2+ and Cu2+ 
ions [24,25]. 
4. Conclusions 
A one-step green synthesis of Ag nanoparticles in water at 
60°C was achieved by mixing Ag+
 
ions with NH4OH and 
Camellia sinensis aqueous extract. The extract acts as a 
reducing and capping agent simultaneously. The 
biomediated Ag-NPs exhibited an FCC structure, revealed 
from TEM analysis. The bio-synthesized nanoparticles 
possess the ability to detect small quantities of Pb2+ and 
Cu2+ ions, resulting in a change of color solution (naked-eye) 
detection. In addition, the sensitivity Ag-NPs for the 
detection of Pb2+ and Cc2+ ions were probed by changes in 
the surface plasmon resonance with metal solution 
concentration, which is mainly attributed to the unique 
coordination behavior of the ions with the biomolecules 
surrounding the Ag-NPs. Moreover, with the aid of Rh6G 
dye in combination with Ag-NPs, it was possible to 
corroborate the facile detection of Pb2+ and Cu2+ ions both, 
naked-eye and by fluorescence spectroscopy, this latter 
detected as a restoration of the Ag-NPs-Rh6G solution 
quenched-emission signal. 
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